Scope: Buckwheat (BW) consumption has been associated with a broad range of health benefits: antioxidant, anti-inflammatory and anticancer. These beneficial effects have been partially related to the presence of flavonoids. However, some of these compounds (i.e., rutin and quercetin) are metabolized in the gastrointestinal tract generating derived phenolic metabolites. In this study, we investigated the biological activity of rutin (Ru), quercetin (Q) an their derived phenolic metabolites 3,4-dihydroxyphenylacetic acid (3,4-DHPAA), 3-hydroxyphenylacetic acid (3-HPAA), and 4-hydroxy-3-methoxyphenylacetic acid (homovanillic acid, HVA). Methods and results: Q showed the highest antioxidant and reducing activity, and Ru the maximum chelating activity (85.33%). Antioxidant activity of 3,4-DHPAA was 5-fold higher than that of HVA, whereas their reducing activity was similar. The formation of methylglyoxal (MGO)-BSA and glucose-BSA (advanced glycation end products) was inhibited by Ru (98.5 and 92.7%), Q (95.6 and 89.1%) and 3,4-DHPPA (84.4.6 and 77.5%). Furthermore, Q (10-50 M) and Ru (1-50 M) downregulated the release of PGE 2 , IL-8 and MCP-1, molecules involved in the inflammatory response, in IL1␤-inflamed myofibroblasts of colon CCD-18Co. Conclusion: This study suggests that BW phytochemicals and their phenolic metabolites may be responsible for the beneficial effects against chronic diseases attributed to BW consumption.
Introduction
The relation between plant-derived food consumption and health benefits has been described in an important number of epidemiological studies [1] . The interest of BW as a functional food has increased in the past few years [2] . BW has been used as an important raw material for functional food development because of its functionalities and compounds content, such as proteins, flavonoids, and phytosterols among others [3] . The presence of Ru (quercetin-3-rutinoside), suggested as the main BW flavonoid, has been reported in BW seeds and sprouts [4] . Ru is known for its anti-oxidant activity in Fenton reaction [5] and inhibiting low-density lipoprotein (LDL) peroxidation [6] , as well as for its anti-inflammatory and vasoactive properties [6] . Q, the aglycone of Ru, is a flavonoid with a potent antioxidant activity that is present in BW groats in a lower concentration [4] .
A relevant fraction of dietary flavonoids is not absorbed in the small intestine and reach unaltered the colon, where are transformed by the gut microbiota enzymes into a wide range of phenolic acids [7] . The colonic microbiota shows diverse deglycosylation activities, thus releasing aglycones that are rapidly degraded to produce simpler phenolics [8, 9] . It is known that the intestinal microflora participates in the metabolism of BW flavonoids, including Ru and Q, generating phenolic metabolites such as 3-HPAA, 3,4-DHPAA and HVA Fig. 1 [10] . The metabolic activity of the gut microflora on polyphenols is often responsible for the modulation of the biological activity of these dietary compounds and their potential health effects [11] . Some of these metabolites might be biologically active, be absorbed and contribute to the biological activity associated with the flavonoid-rich food [12] .
However, hitherto the contradictory results and lack of information about the specific properties of the main metabolites make difficult to determine which compounds, native forms of flavonoids or their derived metabolites, are responsible for the effects observed. Different antioxidant activity depending on the methodology and conditions used [13] , and inconsistent anti-inflammatory activity at the intestinal level [14, 15] of rutin and querecetin has been documented. In addition to this, the activity of the phenolic metabolites has been poorly investigated [16] . Hence, in order to shed some light about what compounds may be responsible of the benefits attributed to BW consumption, in this study we have investigated: (i) the antioxidant, reducing and chelating activity of Ru, Q and their phenolic metabolites, (ii) their ability to inhibit AGEs formation, and (iii) their capacity to ameliorate IL-1␤ induced inflammation in an intestinal inflammation cell model.
Materials and methods

Chemicals
All chemicals were of analytical grade. 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), Q (3,3',4',5,7-pentaxydroxyflavone) and Ru (quercetin-3-rutinoside) were supplied by Extrasynthese (Genay, France). 3,4-DHPAA, 3-HPAA, HVA, sodium azide, BSA, D-glucose, methylglyoxal (MGO), 2,4,6-tripirydyl-S-triazine (TpTZ), deferoxamine (DEF), 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,p'-disulfonic acid monosodium salt hydrate (ferrozine, FZ), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) were purchased from Sigma (Sigma Chemical Co., St. Louis, MO, U.S.A.). DMSO was purchased from MERK Millipore (Germany). Methanol, acetic acid (supra-gradient) and sodium acetate were from Merck KGaA, Darmstadt, Germany. Water was purified with a Mili-Q-system (Milipore, Bedford, USA).
Preparation of Ru, Q and their phenolic metabolites for assays
For antioxidant/reducing activity assays, an appropriate amount of Ru, Q and their phenolic metabolites were dissolved in methanol and the concentration was confirmed by UV measurement as previously described [17, 18] . For the measurement of the antioxidant activity with DPPH assay, reducing activity with cyclic voltammetry and FRAP assays, 1 mM stock solutions of each compound was prepared in methanol, whilst for chelating activity solutions were in DMSO.
For determination the inhibitory activity against formation of AGEs in BSA/glucose and BSA/MGO systems, Ru, Q and their phenolic metabolites were initially diluted in a small volume of DMSO and then in phosphate buffer (0.1 M, pH 7.4) to obtain 1 mM concentration of each compound (DMSO/phosphate buffer; 1:5; v/v).
For the study of the anti-inflammatory activity, stock solutions were prepared in DMSO at the final concentration of 10 mM. These solutions were used to treat the myofibroblasts of colon CCD-18Co, at the desired concentrations, by addition to the culture medium. The cells were not exposed to concentrations of DMSO higher than 0.5%.
Determination of the antioxidant activity
Antioxidant activity was carried out using DPPH
• radicals according to Brand-Williams et al. [19] . DPPH radical scavenging activity (DPPH RSA) was expressed as mM of Trolox. Measurements (n = 9) were carried out using a temperature-controlled spectrophotometer UV-160 1PC with CPS-Controller (Shimadzu, Japan).
Cyclic voltammetry
Reducing capacity was determined by cyclic voltammetry (CV) method as previously described by Zielinska et al. [20] . Standards solutions of the tested compounds were diluted with the Britton-Robinson (B-R) buffer (0.1 M, pH 6.0) at 1:1 ratio, and the final standard concentration was 250 M. Cyclic voltammograms of the tested compounds (n = 9) were recorded using a G 750 Gamry potentiostat (USA) in the potential range from -0.1 to 1.2 V, while for Trolox from -0.1 to 1.3 V at a scan rate of 0.1 V/s. The results were expressed as mM of Trolox.
FRAP assay
FRAP was determined by the method of Benzie and Strain [21] . The samples were measured in nine different replicates. The standard curve was prepared using Trolox solution (0.034-0.612 mM), and the results were expressed as mM of Trolox equivalent.
Chelating activity
Ferrous ions chelating activity was measured by inhibition of the formation of Fe 2+ -FZ complex after treatment of the tested compounds with Fe 2+ according to Mladénka et al. [22] . A standard curve of Fe 2+ ions was prepared within the range of concentration 5-60 M. Ferrous chelation efficiency of tested compounds was expressed in %. Sample was measured in nine replicates.
BSA-glucose and BSA-MGO assays
The inhibitory activity against formation of AGEs in BSA/glucose and BSA/MGO systems was determined as previously described by Szawara-Nowak et al. [23] . Aminoquanidine (AG) 1 mM was used as positive control. Fluorescent intensity (BSA-glucose: Ex 330 nm/Em 410 nm and BSA-MGO: Ex 340 nm/Em 420 nm) was measured. Nine samples were run for each set and the percent inhibition of AGEs formation by BW flavonoids and their metabolites or AG solution was calculated.
Cell line and culture conditions
The myofibroblasts-like cell line CCD-18Co was purchased from the American Type Culture Collection (ATTCC) (Rockville, MD, USA). The cells were maintained in Eagle's minimum essential medium (EMEM) at a final pH 7.2-7.4 and enriched with L-glutamine (2 mM), nonessential amino acids (0.1 mM), sodium pyruvate (1 mM), sodium bicarbonate (1.5 g/L), penicillin and streptomycin (100 U/mL and 100 mg/mL, respectively) and fetal bovine serum -FBS -(10% v/v). The cells were grown at 37ЊC under a 5% CO 2 / 95% air atmosphere at constant humidity. The cells were cultured at 6000 cells/cm 2 and incubated for 4-5 days until reaching confluence >80%. Next, the cells were subcultured using Trypsin-EDTA (0.25%-0.03%). All the experiments were performed at population doubling levels (PDL) and passages between 33-34 and 15-16, respectively.
Measurement of PGE 2 by enzyme-linked immunosorbent assay (ELISA)
Since FBS influences COX-2 activity and the production of PGE 2 [24] , confluent myofibroblasts cultured in 96-well plates were incubated in deprived-medium (0.1% FBS v/v) without phenol red for 24 h. Next, the cells were treated with the pro-inflammatory cytokine IL-1␤ (1 ng/mL) in the presence or absence of Ru (50, 10 and 1 M) and Q (50 and 10 M) for 24 h. In parallel, cells exposed to DMSO (0.5% v/v) were used as control. As the effect of 3,4-DHPAA, 3-HPAA, and HVA has already been determined in the the myofibroblasts of colon CCD-18Co at concentrations higher than those used in this study [25] , these compounds were discarded for this assay. The level of PGE 2 released to the culture medium was determined using an ELISA kit following the manufacturer´s instructions (Cayman Chemicals, San Diego, CA, USA). The medium was removed and kept at -80°C until analysis. A 1:80 dilution was used.
Analysis of COX-2 expression by western blot
Cells treated as described for PGE 2 analysis were washed with sterile PBS and lysed using ice-cold RIPA buffer supplemented with protease inhibitors (Sigma). Samples were centrifuged at 13 000 × rpm for 15 min at 4°C. Protein concentration was determined by DC colorimetric assay (Bio-Rad) at 750 nm using a microplate reader (SynergyH1, Biotek) and software GEN5 v 2.0. 10 g of protein was loaded in each lane, separated by 10% SDS-PAGE and transferred to polyvinylidene difluoride membranes (GE Healthcare) by electroblotting. After blocking with albumin (5% w/v) for 1 h, the membranes were incubated with the primary antibodies of COX-2 (mouse anti-COX2; dilution 1:1000) and GAPDH (rabbit anti-GAPDH; dilution 1:2500) for 2 h. The incubation with the secondary antibodies, goat anti-rabbit and goat anti-mouse, at the dilution 1:10 000 (Li-COR Bioscience, USA) was performed in darkness for 1 h. For the detection and quantification of the proteins, COX-2 and GAPDH, Odyssey Infrared Imagine System v. 1.2 (Li-COR Bioscience, USA) was used. This assay was repeated three times.
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Measurement of IL-6, IL-8, MCP-1 and ICAM-1 by enzyme-linked immunosorbent assay (ELISA)
For this assay, the cells were treated as described in the previous assays. Furthermore, the effect of 50 M 3,4-DHPAA, 3-HPAA and HVA in IL-1␤-treated cells was also investigated. Culture media were used for the analysis of IL-6, IL-8 and MCP-1, whereas protein lysates were used for the analysis of ICAM-1. The ELISA kits selected for the analysis of these cytokines were purchased from peprotech (USA). The limits of detection were: 16 pg/mL for IL-8 and MCP-1, 32 pg/mL for IL-6, and 23 pg/mL for ICAM-1.
Statistical analysis
Results are given as mean values ± standard deviation (SD) of nine independent measurements for chemical analysis, and between 3 and 4 independent biological replicates for the cellular assays. The results were subjected to one-way analysis of variation ANOVA followed by post-hoc analysis. The significant differences (P < 0.05) were calculated and indicated. The correlation analysis was performed and the Pearson correlation coefficient was calculated.
Results
Antioxidant, reducing and chelating activity of Ru, Q and their phenolic metabolites
In this study Q showed the highest ability to scavenge DPPH
• radicals followed by Ru, whilst amongst low-molecularweight phenolic acids 3,4-DHPAA showed equivalent antioxidant activity to Ru. The antioxidant activity of HVA was 5-fold lower than Ru, whilst DPPH • scavenging activity of 3-HPAA was negligible (Table 1 ). The order of the antioxidant activity provided by the DPPH RSA assay was: Q > Ru = 3,4-DHPAA > HVA >> 3-HPAA.
Reducing activity of Ru, Q, 3,4-DHPAA, 3-HPAA and HVA was determined by CV and FRAP assays ( Table 1) . The cyclic voltammetry method based on the first oxidation potential and the area under voltammograms was used for the characterization of the reducing activity of Ru, Q, 3,4-DHPAA, 3-HPAA and HVA (Fig. 2) . Q showed the highest reducing activity followed by Ru, whilst 3,4-DHPAA, 3-HPAA and HVA showed lower reducing activity by 17, 32 and 14% as compared to Ru and almost 3-fold lower activity as compared to Q. The rank of the anodic peak potentials (E pa ) of the investigated compounds was as follows: Q (0.334 V) ˂ Ru (0.390 V) ˂ 3,4-DHPAA (0.406 V) ˂ HVA (0.564 V) ˂ 3-HPAA (0.852 V) whilst Trolox showed E pa = 0.346 V (Fig. 2) .
The results of FRAP assay are shown in Table 1 . It is characterized by the reduction of Fe 3+ to Fe 2+ depending on the available reducing species [26] . Q showed the highest FRAP value, but that for Ru was twice lower. It was also found that FRAP values of 3,4-DHPAA and HVA were between those of Q and Ru, whilst 3-HPAA was negligible. Interestingly, the last one also showed the lowest reducing activity by CV assay and no scavenging activity against DPPH ( Table 1) .
The anodic peak potentials (E pa ) of Ru and Q were related to DPPH RSA and reducing activity determined by FRAP and CV methods. The activity of 3,4-DHPAA and HVA was in agreement to their DPPH RSA and FRAP values as well as to their anodic peak potentials (0.406 V and 0.564 V, respectively). In contrast, reducing activity and E pa for 3-HPAA were the lowest, what correlates with its negligible DPPH RSA and FRAP values.
Ru showed the highest iron(II) -chelation activity followed by Q (Table 1) . Amongst low-molecular-weight phenolic acids only HVA showed chelating activity being lower than that noted for Ru and Q. 3,4-DHPAA and 3-HPAA showed chelating activity lower than 3%. Results were provided by DPPH RSA -DPPH radical scavenging activity assay; FRAP -ferric reducing/antioxidant power assay; CVcyclic voltammetry assay; FZ -ferrozine assay; BSA/glucose -bovine serum albumin/glucose model system; BSA/MGO -bovine serum albumin/methylglyoxal model system. The inhibitory effect of 1.0 mM of standard solution of aminoguanidine (AG) was 75.3 and 52.4% in BSA/glucose and BSA/MGO model systems, respectively. Data are expressed as means ± standard deviation (n = 9). Means in a column related to a respective assay followed by the different letters are significantly different (P ࣘ 0.05). 
Inhibitory activity of Ru, Q and their phenolic metabolites against formation of AGEs
The data on the inhibitory activity of Ru, Q and their phenolic metabolites against formation of AGEs in a model system are compiled in Table 1 . The inhibitory activity of Ru was 31 and 77 % higher as compared to that of AG in BSA/glucose and BSA/MGO model systems, respectively. AG (a hydrazine compound) is a representative drug, which prevents AGEs formation by trapping intermediates at the initial glycation stages [27] . The inhibitory activity of Q was slightly lower compared to that of Ru. Amongst low molecular weight metabolites, 3,4-DHPAA showed the highest inhibitory activity, being 12% and 48% higher as compared to AG in BSA/glucose and BSA/MGO model systems. The 3-HPAA and HVA showed 2-fold lower inhibitory activity as compared to that of 3,4-DHPAA in BSA/glucose system while almost 20-fold lower in BSA/MGO model system. In general, the rank of the inhibitory activity of the investigated compounds in BSA/glucose and BSA/MGO model systems was as follows: Ru ˃ Q ˃ 3,4-DHPAA ˃ AG ˃ 3-HPAA ˃ HVA. The results provided in both models were highly correlated (r = 0.99). The inhibitory activity of Ru, Q and their low molecular weight metabolites against formation of AGEs in BSA/glucose and BSA/MGO model systems was highly correlated with their DPPH RSA values (r = 0.95 and r = 0.97, respectively) and their E pa (r = −0.82 and r = −0.86, respectively). A weak positive correlation was also observed between the inhibitory activity against AGEs formation and FRAP values (r ˂ 0.43), reducing activity by CV (r ˂ 0.58) and chelating activity (r ˂ 0.40).
PGE 2 production
In this study we investigated the ability of Ru and Q to ameliorate the IL-1␤-induced production of PGE 2 . The exposure of the myofibroblasts to IL-1␤ (1 ng/mL) induced an increase of the release of PGE 2 to the culture medium (p < 0.001; Fig. 3 ). Co-treatment with Ru attenuated the IL-1␤-induced release of PGE 2 at 50 (19% reduction), 10 (27% reduction) and 1 M (40% reduction; p < 0.05). As expected, 50 and 10 M of Q, a well-known inhibitor of COX-2 activity [28] , caused a statistically significantly (P < 0.001) reduction of the level of PGE 2 at both concentrations. To discard that these effects might be due to cytotoxicity, we determined whether these compounds affected the viability of these cells at 50 M for 24 h by MTT as previously described [29] . None of the compounds investigated caused cytotoxicity indicating that the effects observed were not due to a decrease in cell viability (data not shown).
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COX-2 protein expression
To determine whether the reduction of PGE 2 observed in the group of cells exposed to Ru and IL-1␤ was associated with a downregulation in the expression of COX-2, we investigated the effect of this compound on the expression of this enzyme. COX-2 was not detected in the control group, whereas a remarkable increase was observed in the group of the cells exposed to IL-1␤. Exposure to Ru lowered the expression of COX-2 at 50 (19.53% reduction), 10 (27.68% reduction) and 1 M (50.23% of reduction), although this reduction was only significant (P < 0.05) at 1 M (Fig. 4) . Q (50 M), used as positive control, exerted a strong inhibition of COX-2 expression (83.61%; P < 0.05).
IL-8, IL-6, MCP-1 and ICAM-1 production
We next investigated the effect of Ru and Q on the production of different molecules involved in the regulation of the inflammatory response (Fig. 5) . Our results show that IL-1␤ stimulation increased the level of IL-8, IL-6, MCP-1, and ICAM-1 in a significant manner (P < 0.001). Ru attenuated the effect of IL-1␤ on the expression of IL-8 at the concentrations investigated. 50 M of Ru down-regulated IL-8 release a 24.14%, whereas 10 and 1 M reduced IL-8 level 49.55% (P < 0.05) and 39.93%, respectively. Ru had no effect at the concentrations investigated on the production of IL-6, MCP-1 and ICAM-1 in IL-1␤-inflammed myofibroblasts. Q only was able to reduce the production of IL-8 (60.81%; P < 0.05), and MCP-1 (62.24%; P < 0.05) at 50 M. At this concentration, Q also caused a slight but non-significant (P > 0.05) reduction of IL-6 (22.94%).
Discussion
In this study, Ru and Q showed powerful antioxidant and reducing activity. The data obtained confirmed our previous studies regarding the antioxidant properties of these compounds [30, 31] . It was well evidenced that properties of these compounds were closely related to the free hydroxyl group in the C ring of these compounds. 3,4-DHPAA displayed similar antioxidant activity to that observed for Ru, and higher than that reported for HVA and 3-HPAA, thus indicating that the antioxidant properties of these compounds are mostly dependent on the free hydroxyl group forming catecholic set in the B ring of these compounds [32] . The phenolic metabolites of Ru showed a hierarchy of antioxidant and reducing activity as follows: 3,4-DHPAA ˃ HVA ˃ ˃ 3-HPAA. This order is in agreement with the data reported by Dueñas et al. [33] . They showed that 3,4-DHPAA and HVA behaved as relatively good antioxidants in both ABTS and FRAP assays. The first one has consistently been described as a major metabolite from the colonic degradation of Ru and Q. Regarding the chelating activity, Ru was the most effective compound followed by Q. Among the phenolic metabolites, only HVA was able to show any effect, which may be associated with its reducing activity (highest FRAP and CV values). Biologically, iron(II) -chelation may render important antioxidant effects by retarding metal-catalyzed oxidation [34] , thus indicating that Ru, Q and HVA may afford protection against oxidative damage by removing iron (II) that may otherwise participate in hydroxyl radicals (HO • ) generating Fenton type reactions. Glycation is a non-enzymatic condensation reaction between reducing sugars and amino groups of proteins that undergo rearrangements to stable ketoamines, thus leading to the formation of AGEs including fluorescent and nonfluorescent protein adducts and protein cross-links [35] . AGEs are formed via protein glycation and correlate with processes resulting in aging and diabetes complications [36] . Inhibition of AGEs formation prevents the development of chronic diseases [37] . Several mechanisms have been proposed to inhibit the formation of AGEs, including scavenging hydroxyl and superoxide radicals, metal ion chelation or trapping of reactive dicarbonyl especies such as MGO [38] . BW is known as an important source of phenolic antioxidants including Ru, one of the most potent natural, plant-derived inhibitors of AGEs [12] . Thus, the dietary intake of flavonoids may reasonably offer effective protection through their antioxidant, reducing and chelating activity. Besides, Ru, Q and their phenolic metabolites can protect against glucose-and MGO-induced protein damage inasmuch as equimolar concentrations of Ru metabolites are effective inhibitors of reactive carbonyl species (RCS) -induced protein damage [39] . The estimation of MGO plasma levels in humans is in the range 0.3-1.5 mol/L range, and its concentrations are higher in types 1 and 2 diabetes and chronic renal failure [40] [41] [42] . Pharmacokinetic studies in healthy volunteers have reported plasma level of quercetin equivalents of 1.65 M (0.6 g/mL) [43] , although this concentration has been reported to reach 6.78 M (2.05 mg/mL) in animals fed BW extract [44] . Moreover, up to 50% of an ingested dose of the 75 mg Ru was recovered as microbial metabolites from urine of human volunteers [45] , further supporting the appearance of mol/L metabolite concentrations after Ru consumption.
We investigated the inhibitory activity of Ru, Q, 3,4-DHPAA, 3-HPAA and HVA in BSA/glucose and BSA/MGO model systems. The range of the inhibitory activity of the investigated compounds in BSA/glucose and BSA/MGO model systems was as follows: Ru ˃ Q ˃ 3,4-DHPAA ˃ AG ˃ 3-HPAA ˃ HVA. This finding was in agreement with recent report provided by Pashikanti et al. [39] . They showed that 3,4-DHPAA was very potent in suppressing the formation of fluorescent derivatives induced by ADP-ribose glycation of histone H1 whilst 3-HPAA and HVA were not effective in suppressing the fluorescence. These authors associated this effect of 3,4-DHPAA to the presence of a vicinal group in its structure. Therefore, among Ru metabolites only 3,4-DHPAA can be considered as a potent glycation inhibitor compared with AG.
BW consumption has been recently proposed as a method to reduce intestinal inflammation and enhance intestinal health [46] . With a view to elucidating which compounds are behind these beneficial effects, in this study we also examined the effects of Ru, Q, and their phenolic metabolites (HVA, 3-HPAA and 3,4-DHPAA) on the production of molecules involved in the regulation of the inflammatory response and the expression of COX-2 in a non-cancerous intestinal cell model.
Myofibroblasts of colon are a cell line placed in the lamina propia of the intestinal wall. Although these cells are not directly exposed to the lumen content, inflammation generates alteration of the intestinal permeability, thus favoring the contact between the molecules (i.e., flavonoids) of the lumen and subephitelial cells, including myofibroblasts [47] .
Intestinal fibroblasts play an essential role in the modulation of the inflammatory response by producing inflammatory mediators such as PGE 2 [48] . Ru and Q exhibited ability to reduce the concentration of PGE 2 in myofibroblasts of colon CCD-18Co exposed to IL-1␤. González-Sarrías et al. [49] reported that Q was able to reduce the IL-1␤-induced PGE 2 production in the same cell line used in this study at 10 M but not 1 M. In this study, Q showed ability to reduce PGE 2 production at concentrations from 10 to 50 M (Fig. 3) . Like Q, Ru also attenuated the effect of IL-1␤ in the production of PGE 2 . Quite unexpectedly, 1 M of Ru, a concentration that can be achieved in vivo [50] , exerted higher reduction of the PGE 2 level than that observed at 10 and 50 M (Fig. 3) . Dietary polyphenols can display hormetic response, exhibiting beneficial effects at low doses, whereas higher concentrations may have no effect or affect negatively [51, 52] . Studies by Gautam et al. [53] reported that the high level of the pro-inflammatory (8 of 10) 1600475 cytokine IL-2 (671.93 pg/mL ± 56.65) in animals fed with a methotrexate-supplemented diet was reduced to a greater extent in the group that consumed 50 mg/kg of Ru (233.52 pg/mL ± 14.69) in comparison to the group fed with 100 mg/kg (272.02 pg/mL ± 15.00).
COX-2 is a protein that is overexpressed at the intestinal level in inflammatory conditions determining the production of PGE 2 [54] . The inhibition of COX-2 expression through the diet can help attenuate the undesirable effects of high levels of PGE 2 [54] . Thus, we further investigated whether the effects of Ru and Q on PGE 2 production were mediated by modulating COX-2 expression. Since the role of Q as COX-2 inhibitor has been previously described [28] , we used a concentration of 50 M as positive control. Ru was also able to reduce the IL-1␤-induced expression at the concentrations investigated. Again, the lowest concentration of 1 M was the most effective reducing the COX-2 expression (Fig. 4) . The inhibition of COX-2 expression by Ru (163.8 M) has been previously reported in macrophages [55] . Therefore, the reduction in the concentration of PGE 2 was correlated with a down-regulation in the expression of COX-2. However, other mechanisms such as the inhibition of COX-2 activity by Ru may also be involved [53] .
Chemokines (IL-8 and MCP-1), cytokines (IL-6) as well as adhesion proteins (ICAM-1) are important molecules released by IL-1␤-exposed intestinal myofibroblasts during intestinal inflammation [56] . Cells co-treated with Ru (1-50 M) and IL-1␤ showed lower concentrations of IL-8 than the inflamed cells. Ru did not show dose-dependent effect. This lack of dose-dependent response has been previously observed for other flavonoids such as flavanones [57] . Q at 50 M (but not at 10 M) reduced the expression of the chemokines IL-8 and MCP-1, but exerted no effect on the expression of IL-6 and ICAM-1 (Fig. 5) . These results are in agreement with previous in vitro and in vivo studies describing that Ru, Q and/or extracts rich in both polyphenols may exert their antiinflammatory effects by modulation of chemokine production [58] [59] [60] . In agreement with previous studies [25] , HVA, 3-HPAA and 3,4-DHPAA had no effect on the expression of the molecules investigated under the conditions of our study (data not shown).
Concluding remarks
Ru (quercetin-rutinoside), the main BW flavonoid, is hydrolyzed by the gut microbiota leading to the formation of its aglycone Q or its phenol derivatives, including 3,4-DHPAA, 3-HPAA and HVA. Ru and Q showed the highest antioxidant, reducing and chelating activity, which could contribute to inhibit the AGEs formation. Besides, these compounds showed the highest ability to inhibit AGEs formation under nonoxidative conditions, as well as the highest anti-inflammatory activity by modulation of PGE 2 , IL-8 and MCP-1. 3,4-DHPAA, 3-HPAA and HVA showed differential antioxidative, reducing and chelating activity. The 3,4-DHPAA was the most significant metabolite due to the highest antioxidative and reducing activity. Its possible antioxidant mechanism via metal chelation and restriction of the accessibility of the metal ion for participation in Fenton-type reactions seems to be negligible due to the very low chelating activity. Among Ru metabolites, the only 3,4-DHPAA can be considered potent glycation inhibitor compared with AG. 
